This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 

As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



© B * S # 8* Jf ( J P> © & HP ai ® a m 

m (A) ^2-293644 

^SUE-^ frf^Sg#^ ®£ffl ¥f& 2^(1990)12^ 4 B 

A 7172- 2 G 
T . 9015-2G 



®%f m ¥1-113737 

@th m ¥ 1 (1989)5^88 



©% w 




«r # & ^ 












@n w 




# ffl j£ 












©ttJ n 


A 


fc^ttBSSftpFr 






A 




^2^ 



©Int. CI. 5 
G 01 N 



5/02 
31/00 



^ JIB 3 

1 . £ V! 0 « ft 

/i/x-^AraftMfc&CD 

2 . ft 5* # CO fg IS 

»#&att*<&;i/x-^AQfiUfcfc<&il&fctft 
-*ARN«Mbftfc/l/x^*A-fcfcfcfcLTiS 

3. ^ai^^'jif u> r iAo^rn^rft 

* »i 2 K £ « 0) 
/t>T~';Ae3«{fc#0)«j£i?vtf. 
4 . lHifii1«ii2-/7y M:i»ot. fiff fit 7jc jg 

ft ft iff * ft T ft ; * t£ t L T . W a US $: Si * £ 



<fcfcfc/l/r-^A-fi|{fcttfcLTfc5GitS£* 
H&fttt&ftfcLTfc^A.. ;p f - A B 81 It 

*ftLT;i/x^*Ara&{t#&fifc£Lfc8IJaic 

* v * . 

r A . 

3. J&^<Z>#*B*2ftflfl 

* 5B ffltt /I/ x - * A B IB {fc & (RuOi ) £ & 



WH 

t££. /i/r-^AHIBfbfc (RuO* ) Oftifx 
m iz r> i» r li . 7t'jf O^'^Uh 1 )-. 
33«. (1961*) |8 8 6I»^R888 
K (Anal. Chea. vol. 33 (1961) PP 
886-888) C^^-caunt^i^l: 
ft4>CD/t/x - ^ AQttfb&O^rr £l*»**tt*CO 
/I/ r - * A IB « fb (RuO* ) S: 0 E fb # 3! 
(CCh ) ? # Jft 35 L . ^x-^AE3ltt<fctt 

z ti* tt&fttfm, *4vwt, $i 

S^XvBft^tf (I CP) « »: J; y £ ft £ 
tf-f * i: v> £fc tf, fcftfttpa. ft 

* AQItfbfcfcBift<fc#j!»fc: h 7^Lfe|. c 
li$:»a)/7X7ft^^Wft^i:j: y £ ft** t 

fit. d <*> # K <fc * 



ISIS ¥2-293644 (2) 

tzib . £rt<B>l/x-*AH|&<bfc(Bfcft¥ffi$:;* 
8tfflfr£ftffi^0>;i/-r-OAe9«Mbft 

*U##UT^fc;Ux-*AESHbfcft<fc Ui. 

c»e u ct 3 

0/riA,raa<b^3RilMi;Ux-^AE9tt<b^^Wja5 
r-* AHttfbfc&ifcfeatffc. ft * n I* , gig 
i4<0^«ofc*6«)iSHn-fey h ? * & x ft'* & 

*> . ft*#<D^>x-*A0fi**btt$:-t<O<8r, * 
tvtfiftf. ^X-?AHtt<b10J(&»&£0$*$i| 

;i/r~*AHBHbft* 0 £ fb & jft T Ml m "T * ^ 



•j . % a & Jt o m u t y it & a o r jk ± r a a 
ffl r £ ft n £ a # ft -d fc . tu, # n ui 

OT©«iE««IJ;0.0 5a«/fl ? ft * . O ft »J . 

2««^7X7«^^«rifi^iffi trt. 0.05 
v*t ? raa.fi # ft ofc. 

*£*><&#©) 
±K0tf)£&fi&1-*f-tf>t;:, * # '5! T it * S *g 

(Af) # ?s # a m a & <b 

(Am) t:itWtitv>-)gg$:/n^tvxi. - 
f * 

A f =- A m (I) 

S p K f 

^ c ^ . S : ftt (I © tt , p : * a a « . K i : 
M # # £ ® . f : A $ HI ft tt 

re i: li ifl # . ifcivMia^ii^nr i^i 

tf-0£ffiKW«B3£?£tf-r*. £ « K * 71/ r - 



«^b^iiw«|g|^j:»;a7c$n, x - «^ a - » 

fbtttf£/£, £ Witt iSBStt/l/f - O 

AEtt<b1&0>a«k:ifc0i-t*.t£oT. A f 0) B$ 

rK^t4«{fc ( # « ) fcfcft£*icj:y. ;u 
x-*ABR^bftcDaj&fc#*ri:tf-c$*. 

;u > -OAaaHbtti*liaT!»fbfc0>ftvWb^ 

{bt ^Si-CS BiS^L. ^ r - * A - ft* <b ft ft 

& 0> <fc O K . «ttft^fb(Af)rtSai«/lD(Am) 

k it 0! *f * r . a f oytfw&itfr 6 . yi/x-^ 
A-fc{b&tf>£i£ft, Ovarii. ;i/f-^ AHfil 

fbft«&$ : fcl£;:£#'C£*. 

c<oflfcKgnbttJa»#A'}>5M; 
i»)i:^^4ik^rs. S £ , # «S & » £ 
V £ ft ft f> V k a# K it it m # . &t ft *\ % =l - y 



-322- 



it - r> co * a m f& * & ffl n n it st m v * # . ft 

< Jt SI t 6 C t ^ T' & 4 . BP *> . -oliRuO* 
£#t/MH8£&ian. ffe<0-ott;i/T'-*Aea& 
(bfc£*i«K5£J:yifc£Ufc(attu:K<. 
J:9KUTft£c0ffifcBg<bC0;£#fc*:a*:. ;i/ 

r-*Ara«Hbfcartto#8. fcfcxtf, 

» * 5f 0 ft * . ffi ti ± # « SI 0 (b . * v Mt 

frT-Ountiiit1ho>?&5i\,zth**o* « IB _L 
& T . *56njj<0-^ifcto£$Blia&tf$&2®i;: 

isi0i:jp$n4*aiaii^5i, w * t* , 

ATAVk # Hft « » » 4 . 1 9 MHt. J3 ft » £ 
SI. 67X10 *m - IhOhtot: . ;l/ r - O A B 
ft<bS*$:Sfcafc»t>CSaBL. fg2@K7R-fJ;o 
ftraftfiffl£«KttEft»*^:/*7C<fcy, * 



«iSlT-2-293G44 (3) 
&mto* s & bum? z . a Mi i <i * a . 

2 It « * 3 11 ,1? y x * u v IS . 4 It »J — K & , 
*A«lfi*5<oaffi(7>tfUx-rt/V&J:C. £ « 
*0/Ur-*Araft<bfctf;i/r-OA-|BHb1&<O 
fflttkUTfcfcL. saaufc^-^A-ttfbft 

ft C » £ U fc # £ . * A IS ft * 5 CO B » fit # & 

ftT*. ^0&&&&<bfcas&-f*.ri:tcj:y> 
# t s * . a*. 6t*ata@fc. 7 u ^ a a a 

ij;i/x-t?A-«Hfcftl.3 x l 0 ~ a s / of / Hx 
u: 48 ^ "f * . ;i/f-^A-«l(t%i:A/fi^ A0 

«*{bftlt#r ftttifc R u O 4 / R u 02 = 165.07 
/l 33.7 "C * <0 T . t9 £ ft -r - ? A ~ 
M ft 1ft ft K 1 65.07/1 3 3 . 0 7 & 8tf flt 

fc. A-ttffcift k !B8t#(0;i/x 

ft It 8£*<OM/x-^AHlt{b1ftC0* 



&3E<t-^<0*AJaft T fcffl^fcttT$>*. 
-oltA/x^Ara/1Mb4ft£Sfr&iffl&*tgicoa 

fft <o £ # B * it * & t c k ft o r o a . ceo- 

#it;i/r~OABflMbtft<0#l?<n*i;ft*. ceo 
%km&&* > * 1 3TjI8^-r5ctic4:y;i/ 
r - 0 A R9 ft <fc 1ft jg & 2t *N t * c t r £ 6 . 

ft # . H 1« 9 It 15 ft . I 2 It 55 to @ *& . 1 4 It 
D/A3>;<->, i 5 It 1/ 3 - *\ 1 6 It * ® , 
1 7it»3H^BT^i. 

* * hb ic jt n . a««-e/i/x-OAB»{t» 
a jk * * co $ r $ as -r 6 c t />» t « i . 

4 . 0 Ou co ffif qi ft 5ft w 

&l®t±*ftW<0-Xfcto<ni8ffi®. IB 2 @ It 



*^H3coyn^^@. £3@lt*fcBHC0{fi<03$te 
1 -tKA. 2 — IS fft fii . i/>g t 4 

^JlA # JS ± /J\ Ji| 55 



-323- 



13 HI 3 ? 2-293644 (4) 



2 (■ 

4 W-dv.i'k 



l — Y/ mrrM 



m 2 m 




m 3 ® 



/J ,s4 



~Y~8 



u- 



/2 



/J /4 



n 



-324- 



End of Result Set 



□ 



Generate Collection 



L7 : Entry 1 of 1 



File: DWPI 



Dec 4, 1990 



DERWENT -ACC- NO: 1991-019734 
DERWENT - WEEK : 199103 

COPYRIGHT 20 01 DERWENT INFORMATION LTD 

TITLE: Sensor to detect the concn . of ruthenium tetra: oxide - comprises quartz oscillator 
having organic membrane, e.g. polyethylene or rubber on electrode surface 

PRIORITY-DATA: 1 989 JP- 0113737 (May 8, 1989) 



PATENT- FAMILY: 
PUB -NO 

JP 02293644 A 



PUB -DATE 

December 4, 1990 



LANGUAGE 
N/A 



PAGES 
000 



MAIN- IPC 
N/A 



INT-CL (IPC) : G01N 5/02; G01N 31/00 
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BASIC- ABSTRACT: 

A sensor to detect the concn. of ruthenium tetraoxide where a quartz oscillator having an 
organic membrane (pref. polyethylene or rubber) on the electrode surface is used for 
detecting the concn. of the ruthenium tetraoxide in a sample environment. 

The ruthenium tetraoxide is reduced into ruthenium dioxide and deposited on the organic 
membrane on the electrode surface, the resulting weight increase is converted into the 
change of the resonance frequency of the quartz oscillator and the concn. of the 
ruthenium tetraoxide is detected. 

The sensor is esp . useful for detecting the concn. of ruthenium tetraoxide in a nitric 
acid aq . soln. or in a vapour phase in an atomic fuel reprocessing plant. 

Two quartz oscillators having an organic membrane on the electrode surface are used and 
one is placed in a sample environment while the other is placed in an environment (from 
which the ruthenium tetraoxide is removed) enclosed with an organic membrane and the 
concn. of the ruthenium tetraoxide in the sample environment is measured from the 
difference between the frequency changes of two oscillators. 

USE/ADVANTAGE - The concn. of the ruthenium tetraoxide can be detected on the spot with 
high sensitivity. 
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SPECIFICATION 



1. Title of the invention 

Ruthenium tetroxide (Ru0 4 ) concentration sensor 

2. Patent Claims 

1 . An Ru0 4 concentration sensor in which a crystal (quartz) oscillator having an 
organic membrane electrode surface is used and which detects the concentration of Ru0 4 in the 
said subject environment. 

2. An Ru0 4 concentration sensor which has an organic membrane on the electrode 
surface of a crystal (quartz) oscillator which measures weight change resulting from the 
deposition due to the reduction of Ru0 4 into Ru0 2 , as the change in resonance frequency of the 
said crystal (quartz) oscillator, in order to detect the Ru0 4 concentration. 

3. Ru0 4 concentration sensor of Claim 1 or 2, in which the organic membrane is either 
polyethylene or rubber. 

4. A system for detection of Ru0 4 in aqueous nitric acid solution or in its vapor phase, 
for atomic fuel reprocessing plants, in which the crystal (quartz) oscillator having an organic 
membrane on the electrode surface is used, and the weight change due to the reduction/deposi- 
tion of Ru0 4 into Ru0 2 is measured as the change of resonance frequency of the said crystal 
(quartz) oscillator, in order to detect the Ru0 4 concentration. 

5. An Ru0 4 concentration sensor having two crystal (quartz) oscillators with an 
organic membrane on their electrode surfaces, which measures the concentration of Ru0 4 in 
the subject environment from the difference in the change in frequencies of two oscillators, by 
placing one oscillator in the environment to be measured and the other oscillator in an 
environment from which the Ru0 4 is removed. 

6. An Ru0 4 concentration measuring system composed of a crystal (quartz) oscillator 
having an organic membrane on the electrode surface, a frequency counter and a differential 
calculator unit that calculates the frequency change. 
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3. 



Detailed explanation of the invention 



Areas of industrial application : 

This invention relates to a sensor that detects the concentration of Ru0 4 . 
Conventional technology : 

Conventionally, as is discussed in Analytical Chemistry, Volume 33 (1961), pp. 836- 
888 (Anal. Chem., Vol. 33 (1961), pp. 886-888), ruthenium tetroxide (Ru0 4 ) in a specimen 
sample is solvent-extracted with carbon tetrachloride (CC1 4 ) for analysis of the Ru0 4 in the 
solution, and only Ru0 4 is separated, and, in general, analyzed colorimetrically or induction- 
phase-analyzed (ICP) for quantification. Analysis of Ru0 4 in the gas phase is very difficult, so 
that a carrier gas such as nitrogen gas is blown into the specimen, the specimen gas is passed 
through CC1 4 to trap the Ru0 4 in the CC1 4 , which is then quantified by an induction plasma 
analyzer, etc. However, in this method, Ru0 4 in the gas phase is expelled from the system, so 
that the gas-liquid equilibrium of the Ru0 4 in the system is disturbed and more Ru0 4 can move 
from the liquid phase to the gas phase. Thus, the Ru0 4 present in the gas phase can be 
overestimated. 

Problem this invention intends to solve : 

The said conventional technology needs a separation operation in which the Ru0 4 in the 
specimen in both the liquid phase and the gas phase is extracted with CC1 4 and also needs to 
analyze colorimetrically or by induction-plasma-analysis the separated Ru0 4 , by setting the 
separated solution into a device. Therefore, the Ru0 4 cannot be quantified on-site in real time 
and continuous monitoring of the Ru0 4 concentration is not feasible. Extraction of Ru0 4 with 
CC1 4 is not safe near the ambient temperature because CC1 4 decomposes at approximately 80°C 
or above, so that the method cannot be applied at ambient temperature, especially at approxi- 
mately 80°C or above. Although induction plasma analysis is most popular for quantification 
after the separation operation, the detection sensitivity of ruthenium is 0.05 mg/L, i.e., even 
induction plasma analysis fails to detect 0.05 mg/L of ruthenium. 
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Means to solve the problem : 

The principle that the resonance frequency change (Af) of the crystal (quartz) oscillator 
is proportional to the weight change of the electrode (Am) may be applicable in the solution of 
the above problem. This relationship is shown below in (1) 

f{2?] 

Af = Am .... (1) 

SpKt 

where, S is the electrode area, p is the crystal (quartz) density, K^j is the frequency constant 
and f is the resonance frequency. 

Normally, gold or silver is used for the electrode, but here, an organic membrane is 
applied on the electrode surface. When the organic membrane is placed in an Ru0 4 -containing 
environment, Ru0 4 is reduced by the organic membrane and Ru0 2 is generated and deposited. 
The rate of this deposition is proportional to the Ru0 4 concentration. Therefore, a time change 
of Af (differential value) indicates the concentration of Ru0 4 . 

Function : 

Since Ru0 4 is a very strong oxidizing agent, it becomes reduced when it contacts the 
oxidizable organic substance and it is converted to stable Ru0 2 . Therefore, the weight of the 
electrode increases with the deposition and the resonance frequency of the crystal (quartz) 
oscillator changes. Since the frequency change (Af) is proportional to the weight change (Am), 
as mentioned above, the time change of Af can tell the amount of Ru0 2 generated, i.e., the 
initial Ru0 4 concentration. 

Now, the frequency change can be measured by a frequency counter and the difference 
from the resonance frequency and the time change can be calculated by a separate differential 
calculator unit. The frequency change can be measured by one crystal (quartz) oscillator, but 
when two oscillators are used as follows, it can be measured more accurately. That is, one 
oscillator is placed in the Ru0 4 -containing environment to be measured and the other is placed 
in an environment from which Ru0 4 was removed by the organic membrane, etc. The 
difference between the two oscillators is measured, and then the effect of a substance other 
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than Ru0 4 , for example, contamination due to adsorbed moisture, oxidation of the organic 
membrane on the electrode, or frequency change due to temperature change are compensated 
and the amount of Ru0 2 deposited on the organic membrane due to reduction of Ru0 4 only can 
be detected. 

Practical Example : 

A practical example of this invention is explained below with the aid of Figures 1 and 

2. 

Crystal (quartz) oscillator 5, shown in Figure 1, for example, is that of an AT cut, 4.19 
MHz resonance frequency and 1.67 x 10 5 cm. The Hz frequency constant is put in an Ru0 4 - 
containing environment and the frequency of crystal (quartz) oscillator 5 is measured by 
frequency counter 7 of the frequency measuring device, as shown in Figure 2. In the figure, 1 
is crystal (quartz), 2 is a silver electrode, 3 is the polyethylene membrane and 4 is the lead 
wire. The Ru0 4 in the environment is deposited on the polyethylene membrane on the surface 
of crystal (quartz) oscillator 5 as Ru0 2 and the frequency of crystal (quartz) oscillator 5 
changes in proportion to the amount of deposited Ru0 2 . Measurement of such frequency 
change can quantify the amount of Ru0 2 in the environment. In the figure, numeral 6 is the 
oscillation circuit, 7 is the frequency counter. In the case of this crystal (quartz) oscillator, the 
frequency change of 1 Hz corresponds to 1.3 x 10" [?] g/cm 2 /Hz of Ru0 2 . Since the molecular 
weight ratio between Ru0 4 and Ru0 2 is Ru0 4 /Ru0 2 = 165.07/133.7, the value of the amount 
of obtained Ru0 2 multiplied by 165.07/133.07 gives the amount of Ru0 4 in the environment. 
Since the number of moles of the obtained Ru0 2 and Ru0 4 in the environment are equal, the 
molar concentration of Ru0 4 in the environment can be given if the amount of obtained Ru0 2 
is expressed in molar concentration. 

Figure 3 is an example using two crystal (quartz) oscillators. One oscillator is put in 
the subject environment to be measured and the other oscillator is placed in chamber 11, which 
is covered with the organic membrane. Only Ru0 4 is removed inside the chamber because 
Ru0 4 is removed by the organic membrane 10, and the other environmental factors are the 
same as on the outside. When the frequency changes of these two oscillators are measured 
simultaneously, the difference is due to the effect of Ru0 4 only. When the difference is 
measured by frequency counter 13, then the Ru0 4 concentration can be determined. 
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Incidentally, in the figure, numeral 9 is an electrode, 12 is an oscillation circuit, 14 is a 
D/A converter, 15 is a recorder, 16 is the supply source and 17 is the measured chamber. 



Effect of the invention : 

Ru0 4 can be measured accurately on-site with a high sensitivity with the aid of this 
invention. 

4. Brief explanation of the figures 

Figure 1 is a cross-section of a practical example of this invention; Figure 2 is a block 
diagram of this invention and Figure 3 is a block diagram of another practical example of this 
invention. 

1 - crystal (quartz) 

2 - silver electrode 

3 - polyethylene membrane 

4 - lead wire 

5 - crystal (quartz) oscillator 
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Figure 2 
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Figure 3 




